Materials properties

Norland Optical Adhesive 65 (NOA 65
® ) This polymer is typically used for putting lenses in metal mounts, bounding plastic to glass and cold blocking by cured process. The polymer cure process depends on intensity and wavelength of the UV radiation. Before being exposed to UV radiation, the polymer's adhesive is in liquid state because the monomers and photo initiators will not react with each other. When exposed to UV, the photo initiators undergo a change creating free radicals that react with monomers, producing monomer chains. In the cured state, the monomer chains convert to cross-linked polymer chains. The absorbance spectra of the NOA 65
® obtained with an UV-Vis spectrophotometer is show in Fig. 1 , where we can observe that its absorbance displays a plateau in the visible region, showing a maximum absorption in 300 nm. Complementary to this plot, Fig. 2 show the spectral transmission for the UV-Vis-IR regions. The plot was obtained from (Norland Products Incorporate, 1999) . www.intechopen.com Table 1 shows some properties of NOA 65 whereas Table 3 . IR analysis for NOA 65.
Crystal violet dye
The crystal violet dye (CV) is a dark green powder soluble in water, chloroform, isopropyl alcohol, but not in in ether and ethylic alcohol. The crystal violet dye can be used as antiseptic and a pH indicator for some substances. Its chemical composition is C 25 H 30 ClN 3 and molecular weigh 407.98. In Fig 4 we show its absorption spectra showing a peak in the spectral line at 591 nm, making a displacement of the absorption curve towards the yellow and orange color 
Photosensitive material
The mix of NOA 65 ® and CV dye composed the photosensitive material. We prepare three different concentrations varying the quantities of the NOA 65 ® and CV as mentioned in Table 4 when the compounds are mixed, we deposit them into different glass cells fabricated with two glass substrates separated by mylar (17 µm thickness), cellophane (27 µm thickness) or mica (110µ thickness), All the thicknesses used in this work were measured with an electronic micrometer. The mixture was introduced into the cell by the gravity technique as is shown in www.intechopen.com Fig. 6 show the absorption spectra in the UV-Vis region of the photosensitive film. The curves correspond to the three concentrations that we prepare and all the concentrations have absorption located in 500 -630 nm range with a peak in the spectral line at 591 nm. Fig. 6 . Absorption spectra of mix NOA 65 and CV for three concentrations of 110 µm thickness cell.
In Table 5 we show the absorption coefficients for the 110µm thickness sample obtained with the Beer´s law considering the spectrum of Fig. 5 . In eq. 1 we write the absorption A, as function of the molar concentration c, thickness l, and the absorption coefficient α. 
Experimental process
To record the phase holographic gratings in the photosensitive material we use the experimental setup shown in Fig. 7 . We use a beam from a He-Ne laser with emission line at λ=598 nm corresponding to yellow color which is separated into two beams by a beam splitter (BS). The beams are reflected by two mirrors (M 1 and M 2 ) toward the photosensitive material (PM) where an interference pattern is formed and recorded in real time by the period of 3 hours continuous.
In order to realize the measurements of the diffraction efficiency of the holographic grating we use a He-Ne laser as reading beam with emission line at λ=545 nm, which corresponds to green color, it is because this line does not affect the grating´s recording process. The gratings we record in this photosensitive material correspond to phase holographic gratings by refraction index modulation. 
Diffraction gratings in real time
We recorded phase holographic gratings in all material concentrations and thickness and measured the diffraction efficiency. The Fig. 9 shows the diffraction efficiency of the holographic gratings recorded in the 17 µm thickness sample with all concentrations. The diffraction efficiency measurements were taken each 10 minutes after the exposition began. The curves show an increase of the diffraction efficiency concerning exposure energy obtaining η=0.53% as maximum for the concentration C3 (see table 4 ). These measurements were taken in real time for the +1 diffraction order only. www.intechopen.com
In Fig. 10 we show the diffraction efficiency obtained for all the concentrations again and 27 µm of sample thickness. The maximum diffraction efficiency is for the concentration C3 and its value is 1.1%. The Fig. 11 shows the results obtained for the 110 µm thickness sample and all the concentrations. Again we record the different gratings in the same conditions. The maximum diffraction efficiency is η=1.85% obtained at 0.225 J/cm 2 using the concentration C3. It can be observed in the Figs. 9-11, the thickness of the emulsion plays an important role for the grating modulation. We find that the sample of the thickness of 110 μm is adapted to do diffraction gratings because it presents the highest values of diffraction efficiencies. Another important parameter for the diffraction gratins recorder is the spatial frequency, which can be modified if we change the interference angle between the beams in the setup shown in Fig. 7 this change allows us to obtain gratings with different period according to the Bragg´s law.
In this sense, we change the interference angle between the two beams and record holographic gratings in the 110 microns thickness sample using the concentration C3. The angles were fixed at 5, 10 and 15 degrees and the results are shown in Fig. 12 . The higher diffraction efficiencies are obtained when the interference angle between the beams is 5° producing a grating with frequency of 146 lines/mm and has a value η=1.85%. For the 10 and 15 degrees interference angle the diffraction efficiency is very low and produce gratings with 292 lines/mm and 436 lines/mm respectively. These results suggest us that the material is of low resolution. Finally, we record gratings in the 110 microns thickness sample using the concentration C3 and the interference angle fixed at 5 degrees but we change the beams intensity ratio using the 1:1, 2:1 and 3:1 relations. In Fig. 13 we plot the diffraction efficiency obtained and, as we can see, the diffraction efficiency for the relation 3:1 and 2:1 are very low. The best choices to record holographic gratings in the proposed material are the 110 microns thickness sample prepared with the concentration C3, 5 degrees between the beams and the intensity ratio 1:1. 
The temperature as recording parameter
The diffraction efficiency behavior of the holographic gratings recorded in photopolymers is due to several conditions such as monomer concentration, humidity, temperature, recorder beam intensity, polymerization velocity, mechanical vibrations, etc. The temperature has an important role during the recording process in our photosensitive material as is shown below. When the material is exposed to interference pattern along 3 hours in small room temperature changes. We measured the temperature each 10 minutes in the photosensitive cell neighborhood and the diffraction efficiency at same time and the results are shown in Fig. 15 we prepare two cells to achieve this proof, so, the red line of the DE in Fig 15(a) corresponds a grating recorded while the room temperature has the behavior showed by red line in Fig. 15(b) , using different cell, we record a new grating showing a DE behavior as is indicated by black line in Fig 15(a) while the room temperature has the behavior showed by black line in Fig. 15(b) , we repeat this proof for 110 µm, 27 µm and 17 µm thickness cells using the C3 concentration. 15 shows the diffraction efficiency and the room temperature during 3 hours. As can be seen, the temperatures have the same behavior and are 25 ºC approximately, the DE has a similar values but temperature fluctuations modifies it behavior. When the temperature is almost constant the DE has a softly grow, but when the temperature has some change, the DE show an anomalous behavior. The same behavior for 27 µm and 17 µm was observed as is shown in Fig. 16 and 17. The temperature changes in the cases showed in Figs 15, 16 , and 17 are due that we do not have temperature control in our laboratory. It is important to say; the gratings were recorded along different days. We can conclude that the temperature most be constant during the recording process about 25ºC to obtain a softly behavior and the highest DE values.
www.intechopen.com
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Fourier holograms
Several types of holograms exist; these are of transmission, amplitude, phase, reflection, computer generated holograms, Fourier holograms, etc., (Smith, 1975) . A hologram can be done registering the interference pattern intensity between two beams, called a reference and an object beam, in a photosensitive material or holographic film as is shown in Fig. 18 . Fig. 18 . Basic setup to hologram recording process, the beam reflected by the object is called object beam and the reflected beam by the mirror is the reference beam.
In particular, recording the interference pattern between the reference beam and the Fourier transform of an object produces the Fourier holograms. One of the main characteristics of this type of holograms is that the necessary area to record is small compared with other types of holograms. The Fig. 19 we depicted the scheme to record Fourier holograms. In the scheme of Fig. 19 a laser beam is expanded by microscope objective and a pinhole (BE) and collimated by the lens (CL) to produce a plane wave that illuminates the object f(x, y); the converging lens (TL) obtains the Fourier transform of the object called object beam (O) and directs it into the photosensitive material (PM) where it interferes with the reference beam (R) coming from a mirror and the pattern is recorded. Once the hologram was recorded, we use the same reference beam R to reconstruct the images as is depicted in Fig. 20 . The reconstruction of the hologram produces two images, namely, real and conjugated images. To explain mathematically the Fourier holograms we use the Fig. 21 , where a point source is located at coordinates x=-a and y=0. The divergent spherical beams is then transformed at plane wave for the lens and is used as the reference beam R, given by
where λ is the wavelength, f is the focal length of the lens, ν= x/λf and µ=y/λf are spatial frequencies. As is indicated in eq.*, the reference beam is a plane wave expressed by the Fourier transform of the point source δ(x+a) δ(y) located at x=-a. Evaluating the integral in eq. (4), we can express the reference beam as:
where A is the wave amplitude. The object beam O is the Fourier transform of the object f(x, y) and is given by www.intechopen.com 
where the Fourier transform is denoted by F. where the symbol * denotes the complex conjugate. Substituting the eqs. (5) and (7) in (9) we can obtain 
In order to realize the reconstruction of the hologram, the reference beam R is used to illuminate the exposed film, so we can obtain
The first two terms in right hand side of equation (15) The result shown in eq. (18) can be interpreted as the double Fourier Transform of the object f(x, y), i. e.
where the Fourier transform properties was employed. This term is know as the real image of the object f(x, y) located in the position x=a and correspond to the +1 diffracted order. Similarly, developing the fourth term RI 4 we obtain
and substituting eq. (4) in eq. (21) and using the relation F * (f(x, y))=-F(f * (x, y)) we obtain ( ) The term represented by eq. (23) is know as the conjugated image of the object f(x, y) and is the -1 diffracted order. According to above results, we use the concentration C3, the sample thickness 110 mm, intensity beams ratio 1:1 and 5 degrees between the interference beam to record Fourier holograms. In Fig.  19 we showed the representation of the setup employed, where we use a He-Ne laser at 594 nm wavelength as recording beam and a laser at 544 nm as reading beam. In Fig. 22 we show the exposed area in the cell and, as can be observed, this area is 1mm 2 approximately. Fig. 22 . Photography of the exposed area, the white point is the area where the Fourier hologram was recorded.
In Fig. 23 we show the two binary objects used to make Fourier holograms. The objects are the negative of the Universidad Michoacana de San Nicolás de Hidalgo logo and a text; the objects were photographed with a Nikon camera using a kodalith film and developed in a dark room following the Kodak instructions. After the objects were taken, we put it in the experimental setup and illuminates with a plane wave as is indicated in Fig 19. The reconstructed images are shown in Fig. 24 where only are the real images. In order to compare our photosensitive material, we use the SO-253 film from Kodak to make the Fourier hologram of the text and the reconstructed real image is show in Fig 25 It is important to note, that the amount of text in Figs. 24 and 25 are different because we use 1 inch of diameter lens in one optical setup and 2 inch of diameter lens in the optical setup used in order to illuminate the photosensitive material. Another difference is that the SO-253 film has its sensibility at the line λ=633 nm so we record the Fourier hologram with this wavelength and we use the same wavelength to reconstruct the real image. The advantage of Fourier holograms is that the storage area is small compared with Fresnel holograms and we can apply some multiplexing technique to optimizing the storage area. In table 6 we show the diffraction efficiencies of the holograms showed above measured for the +1-diffracted order.
Hologram
Photosensitive Table 6 . Diffraction efficiencies for hologram reconstruction.
Conclusions
We present a photosensitive material composed by Norland Optical Adhesive No. 65 ® mixed with crystal violet dye with a high potential for recording holographic elements in real time, in this work we can emphasize some important characteristics of this material, eg: the phase holographic gratings are refraction index modulated, it is of low resolution; as is expected, a major sample thickness diffraction efficiency is increased, the beam intensity ratio must be 1:1 to obtain a best behavior of gratings. Also we noticed that the room temperature plays an essential role for the registry of holograms, that is to say, temperatures majors to 25 ºC and minors to 24 ºC its efficiency of diffraction are smaller, finally we have recorder Fourier holograms of binary objects in real time.
